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=> s SZKUDLINSKI M?/AU 

LI 227 SZKUDLINSKI M?/AU 

=> s 11 and (FSH or follicle (w) stimulating (w) hormone ) 

L2 22 LI AND (FSH OR FOLLICLE (W) STIMULATING (W) HORMONE) 

=> dup rem 12 

PROCESSING COMPLETED FOR L2 

L3 10 DUP REM L2 (12 DUPLICATES REMOVED) 

=> s WEINTRAUB B?/AU 

L4 1178 WEINTRAUB B?/AU 

=> s 14 and (FSH or follicle (w) stimulating (w) hormone ) 

L5 84 L4 AND (FSH OR FOLLICLE (W) STIMULATING (W) HORMONE) 

=> dup rem 15 

PROCESSING COMPLETED FOR L5 

L6 34 DUP REM L5 (50 DUPLICATES REMOVED) 

=> dis ibib abs 13 1-10 
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ACCESSION NUMBER: 2006:650039 BIOSIS 
DOCUMENT NUMBER: PREV2 0 0 6 0 0 6 6 1 3 8 9 
TITLE: Follicle stimulating hormone 

superagonists . 

AUTHOR(S): Anonymous; Szkudlinski, Mariusz W. [Inventor]; 

Weintraub, Bruce D. [Inventor] ; Grossmann, Mathis 

[ Inventor] 
CORPORATE SOURCE: Potomac, MD USA 

ASSIGNEE: The United States of America as represented by 

the Department of Health and Human Services 
PATENT INFORMATION: US 07070788 20060704 

SOURCE: Official Gazette of the United States Patent and Trademark 

Office Patents, (JUL 4 2006) 

CODEN: OGUPE7. ISSN: 0098-1133. 
DOCUMENT TYPE: Patent 
LANGUAGE: English 

ENTRY DATE: Entered STN: 29 Nov 2006 

Last Updated on STN: 29 Nov 2006 



The invention is directed toward a human glycoprotein hormone having at 
least one, two, three, four, or five basic amino acids in the 
alpha-subunit at positions selected from the group consisting of positions 
11, 13, 14, 16, 17, and 20. The inventions is also directed to a human 
glycoprotein where at least one of the amino acids at position 58, 63, and 
69 of the beta-subunit of the human thyroid stimulating hormone are basic 
amino acids. The invention is further directed to a modified human 
glycoprotein hormone having increased activity over a wild-type human 
glycoprotein hormone, where the modified human glycoprotein comprises a 
basic amino acid substituted at a position corresponding to the same amino 
acid position in a non-human glycoprotein hormone having an increased 
activity over the wild-type human glycoprotein hormone. The invention is 
also directed to a method of constructing superactive nonchimeric analogs 
of human hormones comprising comparing the amino acid sequence of a more 
active homolog from another species to the human hormone, and selecting 
superactive analogs from the substituted human hormones. The invention is 
also directed to nucleic acids encoding the modified human glycoprotein 
hormones, vectors containing those nucleic acids, and host cells 
containing those vectors. 
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ASSIGNMENT HISTORY FOR US PATENT AVAILABLE IN LSUS DISPLAY FORMAT 
AB The present invention provides improved methods of imaging, targeted 

therapy and detection and diagnostics using modified glycoprotein hormones 
having increased activity over wild-type hormones. The methods involve 
assaying for an analyte that interferes with the binding of a modified 
glycoprotein hormone to a glycoprotein hormone receptor. Targeted 
delivery of therapeutic agents coupled to a modified glycoprotein hormone 
is also claimed. 

REFERENCE COUNT: 2 THERE ARE 2 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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ASSIGNMENT HISTORY FOR US PATENT AVAILABLE IN LSUS DISPLAY FORMAT 
AB This invention provides superactive analogs of FSH demonstrating 

enhanced bioactivity both in vitro and in vivo as compared to wild type 
FSH. In particular, the analogs of the invention demonstrate at 
least a 10-fold increase in potency or at least a 10% increase in maximal 
efficacy as compared to wild type protein. Preferred a-subunit 
mutations comprise at least two basic amino acids at positions 
corresponding to positions 13, 14, 16, 17, 20, 21,22, 66, 68, 73,74, and 



81, and a modified p-subunit comprises at least one basic amino acid 

at a position corresponding to any one of positions 2,4,14,63,64, 67, and 

69. Sequences providing potential glycosylation recognition sites may be 

either an N-terminal or C-terminal extension on either the a or 

P chain. One of the analogs of the invention (designated TR-4402) 

comprises the substitutions a (E14R+Q20R+Q20R) + P(E4R). The 

analogs are particularly useful for treating subjects showing low 

FSH receptor expression or poor FSH receptor 

responsiveness, and for the treatment of any condition associated with 
glycoprotein hormone activity. 
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with recombinant cells, and their use in treatment of 
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ASSIGNMENT HISTORY FOR US PATENT AVAILABLE IN LSUS DISPLAY FORMAT 
AB The invention is directed toward a human glycoprotein hormone having at 
least one, two, three, four or five basic amino acids in the 
a-subunit at positions selected from the group consisting of 
positions 11, 13, 14, 16, 17 and 20. The invention is also directed to a 
human glycoprotein where at least one of the amino acids at positions 58, 
63 and 69 of the p-subunit of the human TSH are basic amino acids. 
The invention is also directed to a method of constructing superactive 
nonchimeric analogs of human hormones comprising comparing the amino acid 
sequence of a more active homolog from another species to the human 
hormone, substituting selected amino acids in the human hormone with the 
corresponding amino acids from the other species, determining the activity of 
the substituted human hormones, and selecting superactive analogs from the 
substituted human hormones. The invention is also directed to nucleic 
acids encoding the modified human glycoprotein hormones, vectors containing 
those nucleic acids, and host cells containing those vectors. The 
superagonists may be used in treatment of diseases such as thyroid 
carcinoma and disfunctions such as infertility. Multiply substituted 
human TSH (i.e., A13K, P16K and Q20K in the a subunit and L69R in 
the (3 subunit) displayed a 95.7-fold increase in potency relative to 
wild-type TSH. 

OS. CITING REF COUNT: 7 THERE ARE 7 CAPLUS RECORDS THAT CITE THIS RECORD 

(7 CITINGS) 

REFERENCE COUNT: 2 THERE ARE 2 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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PubMed ID: 9261143 

Human thyroid-stimulating hormone (hTSH) subunit gene 
fusion produces hTSH with increased stability and serum 
half-life and compensates for mutagenesis-induced defects 
in subunit association. 

Grossmann M; Wong R; Szkudlinski M W; Weintraub B 



Department of Medicine, University of Maryland School of 
Medicine and the Institute of Human Virology, Medical 
Biotechnology Center, Baltimore, Maryland 21201, USA.. 
grossman@umbi . umd . edu 
SOURCE: The Journal of biological chemistry, (1997 Aug 22) Vol. 

272, No. 34, pp. 21312-6. 

Journal code: 2985121R. ISSN: 0021-9258. 
PUB. COUNTRY: United States 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: English 

FILE SEGMENT: Priority Journals 

ENTRY MONTH: 199 709 

ENTRY DATE: Entered STN: 26 Sep 1997 

Last Updated on STN: 26 Sep 1997 
Entered Medline: 15 Sep 1997 
AB The human thyroid-stimulating hormone (hTSH) subunits alpha and beta are 
transcribed from different genes and associate noncovalently to form the 
bioactive hTSH heterodimer. Dimerization is rate-limiting for hTSH 
secretion, and dissociation leads to hormone inactivation . Previous 
studies on human chorionic gonadotropin (hCG) and human follicle 
-stimulating hormone had shown that it was possible by 



subunit gene fusion to produce a bioactive, single chain hormone. 
However, neither the stability nor the clearance from the circulation of 
such fused glycoprotein hormones has been studied. We show here that 
genetic fusion of the hTSH alpha- and beta-subunits using the 
carboxyl-terminal peptide of the hCG beta-subunit as a linker created 
unimolecular hTSH whose receptor binding and bioactivity were comparable 
to native hTSH. Interestingly, the fused hTSH had higher thermostability 
and a longer plasma half-life than either native or dimeric hTSH 
containing the hCG beta-subunit-carboxyl-terminal peptide, suggesting that 
dimer dissociation may contribute to glycoprotein hormone inactivation in 
vivo. In addition, we show for the first time that synthesis of hTSH as a 
single polypeptide chain could overcome certain mutagenesis-induced 
defects in hTSH secretion, therefore enabling functional studies of such 
mutants. Thus, in addition to prolongation of plasma half-life, genetic 
fusion of hTSH subunits should be particularly relevant for the 
engineering of novel analogs where desirable features are offset by 
decreased dimer formation or stability. Such methods provide a general 
approach to expand the spectrum of novel recombinant glycoprotein hormones 
available for in vitro and in vivo study. 
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TITLE: Substitution of the seat-belt region of the 

thyroid-stimulating hormone (TSH) beta-subunit with the 
corresponding regions of choriogonadotropin or follitropin 
confers luteotropic but not follitropic activity to 
chimeric TSH. 

AUTHOR: Grossmann M; Szkudlinski M W; Wong R; Dias J A; 

Ji T H; Weintraub B D 

CORPORATE SOURCE: Laboratory of Molecular Endocrinology, Department of 

Medicine, University of Maryland School of Medicine and the 
Institute of Human Virology, Medical Biotechnology Center, 
Baltimore, Maryland 21201, USA., grossman@umbi.umd.edu 

SOURCE: The Journal of biological chemistry, (1997 Jun 13) Vol. 

272, No. 24, pp. 15532-40. 
Journal code: 2985121R. ISSN: 0021-9258. 

PUB. COUNTRY: United States 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: English 

FILE SEGMENT: Priority Journals 

ENTRY MONTH: 199 70 7 

ENTRY DATE: Entered STN: 24 Jul 1997 

Last Updated on STN: 24 Jul 1997 
Entered Medline: 14 Jul 1997 
AB The region between the 10th and 12th cysteine (Cys88-Cysl05 in human 

thyroid-stimulating hormone beta-subunit (hTSHbeta) ) of the glycoprotein 
hormone beta-subunits corresponds to the disulf ide-linked seat-belt 
region. It wraps around the common alpha-subunit and has been implicated 
in regulating specificity between human choriogonadotropin (hCG) and human 
follicle-stimulating hormone (hFSH) , but 

determinants of hTSH specificity are unknown. To characterize the role of 
this region for hTSH, we constructed hTSH chimeras in which the entire 
seat-belt region Cys88-Cysl05 or individual intercysteine segments 
Cys88-Cys95 and Cys95-Cysl05 were replaced with the corresponding 
sequences of hCG and hFSH or alanine cassettes. Alanine cassette 
mutagenesis of hTSH showed that the Cys95-Cysl05 segment of the seat-belt 
was more important for TSH receptor binding and signal transduction than 
the Cys88-Cys95 determinant loop region. Replacing the entire seat-belt 
of hTSHbeta with the hCG sequence conferred full hCG receptor binding and 
activation to the hTSH chimera, whereas TSH receptor binding and 
activation were abolished. Conversely, introduction of the hTSHbeta 



seat-belt sequence into hCGbeta generated an hCG chimera that bound to and 
activated the TSH receptor but not the CG/lutropin (LH) receptor. In 
contrast, an hTSH chimera bearing hFSH seat-belt residues did not possess 
any follitropic activity, and its thyrotropic activity was only slightly 
reduced. This may in part be due to the fact that the net charge of the 
seat-belt is similar in hTSH and hFSH but different from hCG. However, 
exchanging other regions of charge heterogeneity between hTSHbeta and 
hFSHbeta did not confer follitropic activity to hTSH. Thus, exchanging 
the seat-belt region between hTSH and hCG switches hormonal specificity in 
a mutually exclusive fashion. In contrast, the seat-belt appears not to 
discriminate between the TSH and the FSH receptors, indicating 
for the first time that domains outside the seat-belt region contribute to 
glycoprotein hormone specificity. 
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TITLE: Site-directed mutagenesis of amino acids 33-44 of the 

common a-subunit reveals different structural 
requirements for heterodimer expression among the 
glycoprotein hormones and suggests that cyclic 
adenosine 3 ', 5 ' -monophosphate production and growth 
promotion are potentially dissociable functions of 
human thyrotropin 

AUTHOR(S): Grossmann, Mathis; Szkudlinski, Mariusz W.; 

Dias, James A.; Xia, Haiying; Wong, Rosemary; Puett, 

David; Weintraub, Bruce D. 
CORPORATE SOURCE: Natl. Inst. Diabetes Digestive Kidney Dis., Natl. 

Inst. Health, Bethesda, MD, 20892-1758, USA 
SOURCE: Molecular Endocrinology (1996), 10(6), 769-779 

CODEN: MOENEN; ISSN: 0888-8809 
PUBLISHER: Endocrine Society 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Amino acid residues 33-44 of the common a-subunit of the 

glycoprotein hormones have been implicated in heterodimer ization as well 

as high affinity receptor binding of human (h) CG. In the present study, 

we compared the role of specific amino acids within this region for 

glycoprotein hormone heterodimer formation, using a transient transfection 

system to coexpress different mutant a-subunit constructs with the 

p-subunit of either hTSH, hCG, or hFSH. Our results identified a 

crucial role for aPro38 in the heterodimer expression of hTSH as 

well as hFSH, similar to what had been described for hCG. In contrast, 

aAla36, which had been critical for hCG, was not essential for hTSH 

heterodimer expression and less important for hFSH, whereas aPhe33 

and aArg35 appeared uniquely important for hFSH. Furthermore, we 

assessed the role of these residues for bioactivity and receptor binding 

of hTSH. Mutation of the surface-exposed residues 

aArg42-Ser43-Lys44, which form part of a unique a-helical 

structure, to Ala42-A; a43-Ala44, decreased TSH receptor binding using 

porcine thyroid membranes as well as rat FRTL-5 cells. Residues 

aPhe33 and aArg35, in contrast, were not important for high 

affinity binding of hTSH. In the signal transduction of hTSH, 

aAla36 was necessary for efficient growth induction in FRTL-5 cells 

but not for cAMP production in either FRTL-5 cells or Chinese hamster ovary 

cells expressing the human TSH receptor (JP09). Similarly, residues 

aArg42-Ser43-Lys44 were more important for hTSH-mediated induction 

of cell growth than cAMP production Mutating aArg35 to Ala reduced cAMP 

induction but not receptor binding of hTSH. In summary, using 

site-directed mutagenesis, we identified a domain, residues 33-44 of the 

common a-subunit, important in heterodimer expression, receptor 



binding, and activation of hTSH. The comparison of the relative roles of 
specific amino acids within this region in hTSH with hCG and hFSH 
highlights previously unrecognized differences in the structural 
requirements for heterodimer expression among the members of the 
glycoprotein hormone family. Moreover, our findings revealed a novel role 
for residues a33-44 in triggering different postreceptor events, 
suggesting that cAMP production and growth promotion may, at least in part, 
dissociable functions of hTSH. 
OS. CITING REF COUNT: 23 THERE ARE 23 CAPLUS RECORDS THAT CITE THIS 

RECORD (23 CITINGS) 
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AUTHOR(S): Grossmann, Mathis [Reprint author]; Szkudlinski, 
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CORPORATE SOURCE: Mol. Cellular Endocrinol. Branch, NIDDK, Natl. Inst. 
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AB We used a novel approach to study the role of the Asn-linked 

oligosaccharides for human thyrotropin (hTSH) activity. Mutagenesis of 
Asn (N) within individual glycosylation recognition sequences to Gin (Q) 
was combined with expression of wild type and mutant hTSH in cell lines 
with different glycosylation patterns. The in vitro activity of hTSH 
lacking the Asn-alpha-52 oligosaccharide (alpha-Q52/TSH-beta) expressed in 
CHO-K1 cells (sialylated oligosaccharides) was increased 6-fold compared 
with wild type, whereas the activities of alpha-Q78/TSH-beta and 
alpha/TSH-beta-Q23 were increased 2-3-fold. Deletion of the Asn-alpha-52 
oligosaccharide also increased the thyrotropic activity of human chorionic 
gonadotropin, in contrast to previous findings at its native receptor. 
The in vitro activity of wild type hTSH expressed in CHO-LEC2 cells 
(sialic acid-deficient oligosaccharides), CHO-LEC1 cells (Man-5GlcNAc-2 
intermediates), and 293 cells (sulfated oligosaccharides) was 5-8-fold 
higher than of wild type from CHO-K1 cells. In contrast to CHO-K1 cells, 
there was no difference in the activity between wild type and selectively 
deglycosylated mutants expressed in these cell lines. Thus, in hTSH, the 
oligosaccharide at Asn-alpha-52 and, specifically, its terminal sialic 
acid residues attenuate in vitro activity, in contrast to the previously 
reported stimulatory role of this chain for human chorionic gonadotropin 
and human follitropin activity. The increased thyrotropic activity of 
alpha-Q52/CG-beta suggests that receptor-related mechanisms may be 
responsible for these differences among the glycoprotein hormones. 
Despite their increased in vitro activity, alpha-Q52/TSH-beta, and 
alpha-Q78/TSH-beta from CHO-K1 cells had a faster serum disappearance rate 
and decreased effect on T-4 production in mice. These findings highlight 
the importance of individual oligosaccharides in maintaining circulatory 
half-life and hence in vivo activity of hTSH. 
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Role of the carboxy-terminal residues of the alpha-subunit 
in the expression and bioactivity of human 
thyroid-stimulating hormone. 

Grossmann M; Szkudlinski M W; Zeng H; Kraiem Z; 
Ji I; Tropea J E; Ji T H; Weintraub B D 
Molecular and Cellular Endocrinology Branch, National 
Institute of Diabetes and Digestive and Kidney Diseases, 
National Institutes of Health, Bethesda, Maryland 
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HD-18702 (United States NICHD NIH HHS) 

Molecular endocrinology (Baltimore, Md . ) , (1995 Aug) Vol. 
9, No. 8, pp. 948-58. 

Journal code: 8801431. ISSN: 0888-8809. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
(RESEARCH SUPPORT, NON-U . S . GOV'T) 
(RESEARCH SUPPORT, U.S. GOV'T, P.H.S.) 
English 

Priority Journals 
199512 

Entered STN: 24 Jan 1996 
Last Updated on STN: 3 Feb 1997 
Entered Medline: 6 Dec 1995 
The glycoprotein hormones TSH, CG, LH, and FSH are heterodimers 
consisting of a hormone-specific beta-subunit and a common alpha-subunit. 
The aim of the present study was to investigate the role of the carboxy 
terminus of the common alpha-subunit (amino acids 

Tyr89-His90-Lys91-Ser92 ) , which has been shown to be important for human 
(h) CG and hFSH, for the activity of hTSH. Successive truncations of the 
alpha-carboxy terminus by site-directed mutagenesis revealed a stepwise 
reduction of bioactivity occurring at residues alpha Ser92 and alpha His90 
to 64% and 13%, respectively. This contrasts with previous findings for 
hCG and hFSH, where loss of bioactivity occurred in a single step with the 
deletion of alpha Lys91 but alpha Ser92 was not important. The decreased 
bioactivities of the hTSH alpha-truncation mutants were reflected by 
concomitant reductions of cAMP production, thyroid hormone synthesis and 
cell growth and were accompanied by a loss of receptor binding. 
Substitution of residues alpha Lys91 or alpha His90 with either a 
hydrophobic or a bulkier residues resulted in a reduction of receptor 
binding and signal transduction, indicating that the alpha-carboxy 
terminus of hTSH may interact with the TSH receptor in a tight contact 
area. Conversely, substitution of alpha His90 with smaller residues 
enhanced bioactivity. In addition, the integrity of the alpha-carboxy 
terminus was essential for hTSH expression. Thus, we showed common and 
different roles of the alpha-carboxy-terminal residues for the 
glycoprotein hormones. The unique role of alpha Ser92 in hTSH activity 
explains the evolutionary constraint to preserve the 
alpha-carboxy-terminal Ser92 in all glycoprotein hormones. 
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AB Bovine follicles having a higher concentration of progesterone than 

estradiol in the follicular fluid can be considered as atretic. Since we 
observed previously that there was an inverse relationship between the 
follicular fluid estradiol to progesterone (E/P) ratio and the prorenin 
level, we have proposed that a high prorenin level may be associated with 
follicular atresia. The aim of the present study was to corroborate this 
hypothesis by including additional indices to distinguish unambiguously 
between atretic and nonatretic follicles and to compare the prorenin 
levels in these two groups of follicles. The present study included 
examination of more than 200 follicles in the follicular fluid of which we 
have measured steroid and prorenin levels. The results obtained show a 
highly significant negative correlation between the prorenin level on the 
one hand and the E/P ratio, estrogen to total androgen ratio, or estradiol 
concentration on the other hand. As a further criterion for atresia, we 
have examined the histological characteristics of the follicles by light 
and electron microscopy and have found that 90% of histologically 
characterized atretic follicles had an E/P ratio less than 1 and an 
average prorenin level four to five times higher than nonatretic 
follicles. Finally, when we determined the FSH-stimulated cAMP 
response and the aromatase activity, in terms of the ability to convert 
exogenous androgen to estrogen in granulosa cells isolated from individual 
follicles, we observed a markedly higher prorenin level in the fluid of 
follicles whose granulosa cells responded poorly to FSH and 
showed a low aromatase activity, compared to follicles whose granulosa 
cells responded strongly to FSH and contained high aromatase 
activity. In summary, follicles that were classified as atretic on the 
basis of a number of biochemical and histological parameters contained 
significantly higher prorenin levels in their follicular fluid than 
nonatretic ones. Thus, a high follicular fluid prorenin level is a valid 
indicator for follicular atresia in bovine ovaries. However, the reason 
for this increase in follicular fluid prorenin level and whether this 
increase is a cause or a consequence of atresia remains to be determined. 
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Patent 
English 
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The invention is directed toward a human glycoprotein hormone having at 
least one, two, three, four, or five basic amino acids in the 
alpha-subunit at positions selected from the group consisting of positions 
11, 13, 14, 16, 17, and 20. The inventions is also directed to a human 
glycoprotein where at least one of the amino acids at position 58, 63, and 
69 of the beta-subunit of the human thyroid stimulating hormone are basic 
amino acids. The invention is further directed to a modified human 
glycoprotein hormone having increased activity over a wild-type human 
glycoprotein hormone, where the modified human glycoprotein comprises a 
basic amino acid substituted at a position corresponding to the same amino 
acid position in a non-human glycoprotein hormone having an increased 
activity over the wild-type human glycoprotein hormone. The invention is 
also directed to a method of constructing superactive nonchimeric analogs 
of human hormones comprising comparing the amino acid sequence of a more 
active homolog from another species to the human hormone, and selecting 
superactive analogs from the substituted human hormones. The invention is 
also directed to nucleic acids encoding the modified human glycoprotein 
hormones, vectors containing those nucleic acids, and host cells 
containing those vectors. 
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ASSIGNMENT HISTORY FOR US PATENT AVAILABLE IN LSUS DISPLAY FORMAT 
AB The present invention provides improved methods of imaging, targeted 

therapy and detection and diagnostics using modified glycoprotein hormones 
having increased activity over wild-type hormones. The methods involve 
assaying for an analyte that interferes with the binding of a modified 
glycoprotein hormone to a glycoprotein hormone receptor. Targeted 
delivery of therapeutic agents coupled to a modified glycoprotein hormone 
is also claimed. 

REFERENCE COUNT: 2 THERE ARE 2 CITED REFERENCES AVAILABLE FOR THIS 
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ASSIGNMENT HISTORY FOR US PATENT AVAILABLE IN LSUS DISPLAY FORMAT 

AB This invention provides superactive analogs of FSH demonstrating 

enhanced bioactivity both in vitro and in vivo as compared to wild type 

FSH. In particular, the analogs of the invention demonstrate at 

least a 10-fold increase in potency or at least a 10% increase in maximal 

efficacy as compared to wild type protein. Preferred a-subunit 

mutations comprise at least two basic amino acids at positions 

corresponding to positions 13, 14, 16, 17, 20, 21,22, 66, 68, 73,74, and 

81, and a modified p-subunit comprises at least one basic amino acid 

at a position corresponding to any one of positions 2,4,14,63,64, 67, and 

69. Sequences providing potential glycosylation recognition sites may be 

either an N-terminal or C-terminal extension on either the a or 

P chain. One of the analogs of the invention (designated TR-4402) 

comprises the substitutions a (E14R+Q20R+Q20R) + P(E4R). The 

analogs are particularly useful for treating subjects showing low 

FSH receptor expression or poor FSH receptor 

responsiveness, and for the treatment of any condition associated with 
glycoprotein hormone activity. 
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AB The invention is directed toward a human glycoprotein hormone having at 
least one, two, three, four or five basic amino acids in the 
cc-subunit at positions selected from the group consisting of 
positions 11, 13, 14, 16, 17 and 20. The invention is also directed to a 
human glycoprotein where at least one of the amino acids at positions 58, 
63 and 69 of the p-subunit of the human TSH are basic amino acids. 
The invention is also directed to a method of constructing superactive 
nonchimeric analogs of human hormones comprising comparing the amino acid 
sequence of a more active homolog from another species to the human 
hormone, substituting selected amino acids in the human hormone with the 
corresponding amino acids from the other species, determining the activity of 
the substituted human hormones, and selecting superactive analogs from the 
substituted human hormones. The invention is also directed to nucleic 
acids encoding the modified human glycoprotein hormones, vectors containing 
those nucleic acids, and host cells containing those vectors. The 
superagonists may be used in treatment of diseases such as thyroid 
carcinoma and disfunctions such as infertility. Multiply substituted 
human TSH (i.e., A13K, P16K and Q20K in the a subunit and L69R in 
the p subunit) displayed a 95.7-fold increase in potency relative to 
wild-type TSH. 
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TITLE: Human thyroid-stimulating hormone (hTSH) subunit gene 

fusion produces hTSH with increased stability and serum 
half-life and compensates for mutagenesis-induced defects 
in subunit association. 
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grossmangumbi .umd.edu 
SOURCE: The Journal of biological chemistry, (1997 Aug 22) Vol. 

272, No. 34, pp. 21312-6. 

Journal code: 2985121R. ISSN: 0021-9258. 
PUB. COUNTRY: United States 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: English 

FILE SEGMENT: Priority Journals 

ENTRY MONTH: 199 709 

ENTRY DATE: Entered STN: 26 Sep 1997 
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Entered Medline: 15 Sep 1997 

AB The human thyroid-stimulating hormone (hTSH) subunits alpha and beta are 
transcribed from different genes and associate noncovalently to form the 
bioactive hTSH heterodimer. Dimerization is rate-limiting for hTSH 
secretion, and dissociation leads to hormone inactivation . Previous 
studies on human chorionic gonadotropin (hCG) and human follicle 
-stimulating hormone had shown that it was possible by 
subunit gene fusion to produce a bioactive, single chain hormone. 
However, neither the stability nor the clearance from the circulation of 
such fused glycoprotein hormones has been studied. We show here that 
genetic fusion of the hTSH alpha- and beta-subunits using the 
carboxyl-terminal peptide of the hCG beta-subunit as a linker created 
unimolecular hTSH whose receptor binding and bioactivity were comparable 
to native hTSH. Interestingly, the fused hTSH had higher thermostability 
and a longer plasma half-life than either native or dimeric hTSH 
containing the hCG beta-subunit-carboxyl-terminal peptide, suggesting that 
dimer dissociation may contribute to glycoprotein hormone inactivation in 
vivo. In addition, we show for the first time that synthesis of hTSH as a 
single polypeptide chain could overcome certain mutagenesis-induced 
defects in hTSH secretion, therefore enabling functional studies of such 
mutants. Thus, in addition to prolongation of plasma half-life, genetic 
fusion of hTSH subunits should be particularly relevant for the 
engineering of novel analogs where desirable features are offset by 
decreased dimer formation or stability. Such methods provide a general 
approach to expand the spectrum of novel recombinant glycoprotein hormones 
available for in vitro and in vivo study. 



L6 ANSWER 6 OF 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



AUTHOR: 

CORPORATE SOURCE: 



PUB. COUNTRY: 
DOCUMENT TYPE: 
LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 



34 MEDLINE on STN DUPLICATE 2 

1997326138 MEDLINE 
PubMed ID: 9182589 

Substitution of the seat-belt region of the 
thyroid-stimulating hormone (TSH) beta-subunit with the 
corresponding regions of choriogonadotropin or follitropin 
confers luteotropic but not follitropic activity to 
chimeric TSH. 

Grossmann M; Szkudlinski M W; Wong R; Dias J A; Ji T H; 
Weintraub B D 

Laboratory of Molecular Endocrinology, Department of 
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AB The region between the 10th and 12th cysteine (Cys88-Cysl05 in human 

thyroid-stimulating hormone beta-subunit (hTSHbeta) ) of the glycoprotein 
hormone beta-subunits corresponds to the disulf ide-linked seat-belt 
region. It wraps around the common alpha-subunit and has been implicated 
in regulating specificity between human choriogonadotropin (hCG) and human 
follicle-stimulating hormone (hFSH) , but 

determinants of hTSH specificity are unknown. To characterize the role of 
this region for hTSH, we constructed hTSH chimeras in which the entire 
seat-belt region Cys88-Cysl05 or individual intercysteine segments 
Cys88-Cys95 and Cys95-Cysl05 were replaced with the corresponding 
sequences of hCG and hFSH or alanine cassettes. Alanine cassette 
mutagenesis of hTSH showed that the Cys95-Cysl05 segment of the seat-belt 
was more important for TSH receptor binding and signal transduction than 
the Cys88-Cys95 determinant loop region. Replacing the entire seat-belt 
of hTSHbeta with the hCG sequence conferred full hCG receptor binding and 
activation to the hTSH chimera, whereas TSH receptor binding and 
activation were abolished. Conversely, introduction of the hTSHbeta 
seat-belt sequence into hCGbeta generated an hCG chimera that bound to and 
activated the TSH receptor but not the CG/lutropin (LH) receptor. In 
contrast, an hTSH chimera bearing hFSH seat-belt residues did not possess 
any follitropic activity, and its thyrotropic activity was only slightly 
reduced. This may in part be due to the fact that the net charge of the 
seat-belt is similar in hTSH and hFSH but different from hCG. However, 
exchanging other regions of charge heterogeneity between hTSHbeta and 
hFSHbeta did not confer follitropic activity to hTSH. Thus, exchanging 
the seat-belt region between hTSH and hCG switches hormonal specificity in 
a mutually exclusive fashion. In contrast, the seat-belt appears not to 
discriminate between the TSH and the FSH receptors, indicating 
for the first time that domains outside the seat-belt region contribute to 
glycoprotein hormone specificity. 
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TITLE: Site-directed mutagenesis of amino acids 33-44 of the 

common a-subunit reveals different structural 
requirements for heterodimer expression among the 
glycoprotein hormones and suggests that cyclic 
adenosine 3 ', 5 ' -monophosphate production and growth 
promotion are potentially dissociable functions of 
human thyrotropin 

AUTHOR (S) : Grossmann, Mathis; Szkudlinski, Mariusz W.; Dias, 

James A.; Xia, Haiying; Wong, Rosemary; Puett, David; 
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DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Amino acid residues 33-44 of the common a-subunit of the 

glycoprotein hormones have been implicated in heterodimerization as well 
as high affinity receptor binding of human (h) CG. In the present study, 
we compared the role of specific amino acids within this region for 
glycoprotein hormone heterodimer formation, using a transient transfection 
system to coexpress different mutant a-subunit constructs with the 
p-subunit of either hTSH, hCG, or hFSH. Our results identified a 



crucial role for aPro38 in the heterodimer expression of hTSH as 
well as hFSH, similar to what had been described for hCG. In contrast, 
aAla36, which had been critical for hCG, was not essential for hTSH 
heterodimer expression and less important for hFSH, whereas aPhe33 
and aArg35 appeared uniquely important for hFSH. Furthermore, we 
assessed the role of these residues for bioactivity and receptor binding 
of hTSH. Mutation of the surface-exposed residues 
aArg42-Ser43-Lys44, which form part of a unique a-helical 
structure, to Ala42-A; a43-Ala44, decreased TSH receptor binding using 
porcine thyroid membranes as well as rat FRTL-5 cells. Residues 
aPhe33 and aArg35, in contrast, were not important for high 
affinity binding of hTSH. In the signal transduction of hTSH, 
aAla36 was necessary for efficient growth induction in FRTL-5 cells 
but not for cAMP production in either FRTL-5 cells or Chinese hamster ovary 
cells expressing the human TSH receptor (JP09). Similarly, residues 
aArg42-Ser43-Lys44 were more important for hTSH-mediated induction 
of cell growth than cAMP production Mutating aArg35 to Ala reduced cAMP 
induction but not receptor binding of hTSH. In summary, using 
site-directed mutagenesis, we identified a domain, residues 33-44 of the 
common a-subunit, important in heterodimer expression, receptor 
binding, and activation of hTSH. The comparison of the relative roles of 
specific amino acids within this region in hTSH with hCG and hFSH 
highlights previously unrecognized differences in the structural 
requirements for heterodimer expression among the members of the 
glycoprotein hormone family. Moreover, our findings revealed a novel role 
for residues a33-44 in triggering different postreceptor events, 
suggesting that cAMP production and growth promotion may, at least in part, 
dissociable functions of hTSH. 
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novel role for the oligosaccharides in the in vitro and in 
vivo bioactivity. 

Grossmann, Mathis [Reprint author] ; Szkudlinski, Mariusz 
W.; Tropea, Joseph E.; Bishop, Leonora A.; Thotakura, N. 
Rao; Schofield, Peter R.; Weintraub, Bruce D. 
Mol. Cellular Endocrinol. Branch, NIDDK, Natl. Inst. 
Health, Build. 10, Room 8 D14, Bethesda, MD 20892-1758, USA 
Journal of Biological Chemistry, (1995) Vol. 270, No. 49, 
pp. 29378-29385. 
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Article 
English 

Entered STN: 26 Jan 1996 
Last Updated on STN: 27 Jan 1996 
We used a novel approach to study the role of the Asn-linked 
oligosaccharides for human thyrotropin (hTSH) activity. Mutagenesis of 
Asn (N) within individual glycosylation recognition sequences to Gin (Q) 
was combined with expression of wild type and mutant hTSH in cell lines 
with different glycosylation patterns. The in vitro activity of hTSH 
lacking the Asn-alpha-52 oligosaccharide (alpha-Q52/TSH-beta) expressed in 
CHO-K1 cells (sialylated oligosaccharides) was increased 6-fold compared 
with wild type, whereas the activities of alpha-Q78/TSH-beta and 
alpha/TSH-beta-Q23 were increased 2-3-fold. Deletion of the Asn-alpha-52 
oligosaccharide also increased the thyrotropic activity of human chorionic 
gonadotropin, in contrast to previous findings at its native receptor. 
The in vitro activity of wild type hTSH expressed in CHO-LEC2 cells 
(sialic acid-deficient oligosaccharides), CHO-LEC1 cells (Man-5GlcNAc-2 
intermediates), and 293 cells (sulfated oligosaccharides) was 5-8-fold 
higher than of wild type from CHO-K1 cells. In contrast to CHO-K1 cells, 
there was no difference in the activity between wild type and selectively 
deglycosylated mutants expressed in these cell lines. Thus, in hTSH, the 
oligosaccharide at Asn-alpha-52 and, specifically, its terminal sialic 
acid residues attenuate in vitro activity, in contrast to the previously 
reported stimulatory role of this chain for human chorionic gonadotropin 
and human follitropin activity. The increased thyrotropic activity of 
alpha-Q52/CG-beta suggests that receptor-related mechanisms may be 
responsible for these differences among the glycoprotein hormones. 
Despite their increased in vitro activity, alpha-Q52 /TSH-beta, and 
alpha-Q78/TSH-beta from CHO-K1 cells had a faster serum disappearance rate 
and decreased effect on T-4 production in mice. These findings highlight 
the importance of individual oligosaccharides in maintaining circulatory 
half-life and hence in vivo activity of hTSH. 



L6 ANSWER 10 OF 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



AUTHOR: 

CORPORATE SOURCE: 



CONTRACT NUMBER: 
SOURCE: 



PUB. COUNTRY: 
DOCUMENT TYPE: 



3 4 MEDLINE on STN DUPLICATE 3 

1996026861 MEDLINE 
PubMed ID: 7476992 

Role of the carboxy-terminal residues of the alpha-subunit 
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AB The glycoprotein hormones TSH, CG, LH, and FSH are heterodimer s 

consisting of a hormone-specific beta-subunit and a common alpha-subunit . 
The aim of the present study was to investigate the role of the carboxy 
terminus of the common alpha-subunit (amino acids 

Tyr89-His90-Lys91-Ser92 ) , which has been shown to be important for human 
(h) CG and hFSH, for the activity of hTSH. Successive truncations of the 
alpha-carboxy terminus by site-directed mutagenesis revealed a stepwise 
reduction of bioactivity occurring at residues alpha Ser92 and alpha His90 
to 64% and 13%, respectively. This contrasts with previous findings for 
hCG and hFSH, where loss of bioactivity occurred in a single step with the 
deletion of alpha Lys91 but alpha Ser92 was not important. The decreased 
bioactivities of the hTSH alpha-truncation mutants were reflected by 
concomitant reductions of cAMP production, thyroid hormone synthesis and 
cell growth and were accompanied by a loss of receptor binding. 
Substitution of residues alpha Lys91 or alpha His90 with either a 
hydrophobic or a bulkier residues resulted in a reduction of receptor 
binding and signal transduction, indicating that the alpha-carboxy 
terminus of hTSH may interact with the TSH receptor in a tight contact 
area. Conversely, substitution of alpha His90 with smaller residues 
enhanced bioactivity. In addition, the integrity of the alpha-carboxy 
terminus was essential for hTSH expression. Thus, we showed common and 
different roles of the alpha-carboxy-terminal residues for the 
glycoprotein hormones. The unique role of alpha Ser92 in hTSH activity 
explains the evolutionary constraint to preserve the 
alpha-carboxy-terminal Ser92 in all glycoprotein hormones. 
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AB We retrospectively determined serum total testosterone (T) , fraction of T 
bound, free T index, LH, and FSH levels in 122 men with 

malignant lung disease, 32 men with benign lung disease, and 106 normal 
men. Men with malignant and, to a lesser extent, benign lung disease had 
decreased serum total T and free T index values at the 5th percentiles, 
with elevations of LH and FSH levels at the 95th percentiles. 
Linear regression analysis showed reductions in total T and free T index 



and increases in FSH, but not LH, levels with age in each group. 
Using multivariate analysis, we found stronger independent effects of 
disease than age on serum total T and fraction of T bound, but a greater 
influence of age on free T index. Serum LH values differed by diagnosis, 
whereas FSH differed by age. Relative to values in the normal 
men, mean serum total T levels were reduced in men with lung cancer; the 
fraction of T bound was decreased in the men with lung cancer and 
increased in the men with benign lung disease, the free T index was 
decreased in the men with both malignant and benign lung disease, and LH 
was increased in the men with lung cancer. The hormone and hormone 
binding results were similar in men with different types of lung cancer. 
Biochemical evidence of primary and secondary (or combined primary and 
secondary) hypogonadism was present in 50-59% and 28-32%, respectively, of 
the men with malignant and benign lung disease vs. 10% of the normal men. 
These data suggest that 1) there is an increased prevalence of both 
pituitary gonadotropic and testicular dysfunction in men with malignant 
and, to a lesser extent, benign chronic lung disease, and 2) the effects 
of illness are independent of, and quantitatively greater than, those due 
to age. 
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AB The carbohydrate components of combined alpha-subunits of urinary hCG and 
human pituitary LH (hLH) , FSH (hFSH) , and TSH (hTSH) , each 

derived from the intact hormone, were studied by direct sugar analysis and 
methylation analysis. The methods provide a complete survey of the 
structural elements contained in the complex sugars associated with these 
glycoproteins, but do not establish the sugar sequences or anomeric 
configurations of glycosidic bonds. By analogy to N-linked 
oligosaccharides that occur in many glycoproteins, the data suggest 
distinct structural features for carbohydrates of alpha-subunits combined 
with beta-subunits . hCG alpha contains biantennary asparagine-linked 
chains terminated by either NeuAc alpha 2-3Gal beta 1- or GlcNAc beta 1-2 
Man alpha 1- and lacks fucose. hTSH alpha contains biantennary chains with 
the same termini as hCG alpha plus terminal R-0-4GalNAc and a fucosyl 
residue linked alpha 1-6 to the inner GlcNAc residue of the N-linked 
chitobiosyl core. hLH alpha may contain some high mannose chains, but 
primarily contains biantennary chains terminated by NeuAc alpha 2-3 (6) Gal 
beta 1-, GlcNAc beta 1-, GalNac-1-, R' -0-6GlcNAc-l-, and R"-0-2Man-l-plus 
a fucosyl residue linked alpha 1-6 to the inner GlcNAc residue of the 
N-linked chitobiosyl core. hFSH alpha contains more complicated structures 
that probably include a bisecting GlcNAc residue linked beta 1-4 to a 
3 , 6-di-O-substituted core mannosyl residue, and terminal NeuAc alpha 
2-3Gal beta l-4(+/- Fuc alpha 1-3 ) GlcNAc-1 , Gal beta l-4(+/- Fuc alpha 
l-3)GlcNAc-l-, R" ' -O-GalNAc-1-, and GalNAc-1. In addition, the presence 



of 2 , 4-di-0-substituted mannose in hFSH alpha indicates that it contains 
triantennary chains. The identities of the R; R', R", and R" ' groups were 
not determined, but recent studies of glycoprotein hormones suggest that 
they may be sulfate groups. Our results demonstrate differential 
glycosylation of virtually identical polypeptide hormone alpha-subunits 
produced in the same organ or perhaps even in the same cell. 
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1 strain grown in Ham's F12 medium supplemented with 
errin, Cortisol, epidermal growth factor, fibroblast growth 
factor, and trace elements, but containing no serum, continued to produce 
the common alpha-subunit of the glycoprotein hormones for the 10 d study. 
The amounts of alpha-subunit secreted into the medium during the first 4 d 
were indistinguishable from those in F12 medium supplemented with 10% 
fetal bovine serum. During the remainder of the experiment the amounts of 
alpha-subunit reached 50 to 80% those in the serum-supplemented medium. 
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Nonrandom ectopic protein production by malignant 
cells: direct evidence in vitro 
Rosen, Saul W.; Weintraub, Bruce D.; 
Aaronson, Stuart A. 

Clin. Endocrinol. Branch, Natl. Inst. Arthritis, 
Metab. Dig. Dis., Bethesda, MD, 20205, USA 
Journal of Clinical Endocrinology and Metabolism 
(1980), 50(5), 834-41 
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Journal 
English 

Cell lines derived from malignant human neoplasms (21 carcinomas or 
melanomas and 11 sarcomas or gliomas) and 18 human fibroblast lines were 
examined for ectopic protein production Thirteen malignant lines produced 
ectopic chorionic gonadotropin (CG) or its p-subunit (0.5-5.6 pmol/mg 
cell protein/24 h) . Four malignant lines produced ectopic 
carcinoembryonic antigen ( 0 . 04-0 . 95pmol/mg cell protein/24 h) , whereas 
none produced placental lactogen or a-f etoprotein . Six malignant 
lines produced ectopically the common a-subunit of the glycoprotein 
hormones, and in 2 (ChaGo lung and Chang liver) , the secretion rates (391 
and 506 pmol/mg cell protein/24 h) were almost 100 times higher than that 
of any other ectopic protein. Eight malignant lines produced low levels 
of prolactin (PRL) ( 0 . 1-0 . 57 pmol/mg cell protein/24 h) and 3 lines 
produced low levels of LH or its p-subunit ( 0 . 1-0 . 26pmol/mg cell 
protein/24 h) , but neither was secreted. In contrast, only 2 normal 
fibroblast lines produced CG, and 1 produced PRL-like activity. None of 
the malignant or fibroblast lines produced GH or FSH or its 
p-subunit. Moreover, no line produced Cortisol, progesterone, 



17a-hydroxyprogesterone, testosterone, or aldosterone. Estrone and 
estradiol were found in the media from 4 malignant lines (1.1-9.4 pmol/mg 
protein) . Apparently, ectopic protein production is widely prevalent in 
malignant cells in culture and rare in normal fibroblast cultures, is 
nonrandom, with large amts. of certain proteins but undetectable amts. of 
others, and is underestd. by criteria of serum concentration alone, since 
certain 

lines produce low levels or do not secrete. The multiple enzymes required 
for steroidogenesis are not produced together ectopically, but estrogen 
production by cells in media containing serum may require only a single 
aromatase 

or desulf urylase . 

OS. CITING REF COUNT: 12 THERE ARE 12 CAPLUS RECORDS THAT CITE THIS 

RECORD (12 CITINGS) 
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INTERACTION OF CRUDE AND PURE CHORIONIC GONADOTROPIN WITH 
THE THYROTROPIN RECEPTOR. 

PEKONEN F [Reprint author]; WEINTRAUB B D 
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Journal of Clinical Endocrinology and Metabolism, (1980) 
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Article 

BA 



ENGLISH 

The effect of crude and pure hCG [human chorionic gonadotropin] 
preparations on bovine [b] TSH [thyrotropin] binding to its receptor was 
investigated in an attempt to further characterize the intrinsic 
thyrotropic activity of hCG. In a TSH radioreceptor assay with bovine 
thyroid membranes performed at 4° C without NaCl in the incubation 
medium, the cross-reactivity of a crude hCG preparation was 90% relative 
to unlabeled bTSH, whereas that of pure hCG and its subunits was below 
0.01%. By Sephadex G-100 chromatography, the substances in crude hCG that 
displayed TSH binding inhibitory activity at 4° C exhibited great 
heterogeneity, with an apparent molecular size range of 6000-70,000 



daltons. No specific peaks of TSH binding inhibitory substances were 
observed in the elution region of hCG, TSH, or molar or chorionic TSH, and 
most of the inhibitory substances had apparent molecular sizes smaller 
than any known TSH. When the radioreceptor assay was performed under 
progressively more physiological conditions by raising the temperature to 
37° C and adding NaCl to the incubation buffer, the 
cross-reactivity of crude and pure hCG relative to bTSH fell to 
0.003-0.005% both with bovine and human thyroid membranes. The similar 
effects of crude and pure hCG under near physiological incubation 
conditions suggested that the active substance in the crude hCG 
preparation was hCG, whereas the effect of the other substances in the 
preparation had been abolished. Under such conditions, no 
cross-reactivity of hCG subunits was observed, whereas the 
cross-reactivity of human TSH was 10%, that of human LH [lutropin] was 
0.3% and that of human FSH [f ollitropin] was 0.1% relative to 
bTSH. Based on the TSH radioreceptor assay performed under near 
physiological incubation conditions, resulting in maximal TSH sensitivity 
and specificity, the thyrotropic activity of 1 IU (gonadotropic activity) 
of hCG is thus equivalent to 0.05-0.08 nIU bTSH. 
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AB The TSH-binding properties of human lymphocytes 

studied and compared to those of bovine and human thyroid cells in primary 
culture. Both lymphocytes and thyroid cells had maximal TSH-binding 
capacity at pH 5 . 2 . At pH 7.4, thyroid cells bound 15% but lymphocytes 
bound only 3% of the amount bound at pH 5 . 2 . At 37 C, maximal binding of 



continuous culture were 



[ 1251 ] iodo-TSH to lymphocytes was reached within 60 — 90 min and maximal 
binding to thyroid cells was reached within 15 — 20 min. TSH binding to 
lymphocytes was salt sensitive, being inhibited to 50% by 0.2 raM MgCl and 
0.4 raM CaC12 and by 20 raM Kl, KC1, and NaCl. The saturable binding of 
bovine TSH (bTSH) to thyroid cells at pHs 5.2 and 7.4 was above 90% of the 
total binding. Saturable binding of bovine TSH (bTSH) to thyroid cells at 
pHs 5.2 and 7.4 was above 90% of the total binding. Saturable binding to 
lymphocytes at pH 5.2 was also above 90%, but at pH 7.4 was 75% of total. 
At pH 5.2, both cell types displayed identical displacement curves of 

[1251] iodo-bTSH by unlabeled bTSH. Pure hCG, human placental lactogen, 
human GH, and insulin cross-reacted to less than 1% with [ 1251 ] iodo-bTSH 
binding to lymphocytes at pH 5.2, whereas a crude preparation of hCG and 
human FSH plus human LH showed a strong cross-reaction. 

Nonhormone glycoproteins, including mucin, normal human gamma-globulin, 
and bovine thyroglobulin showed intermediate cross-reactivity. At pH 7.4, 
the cross-reactivity of normal human gamma-globulin, bovine thyroglobulin, 
and pure hCG with bTSH binding to both lymphocytes and thyroid cells was 
below 1%. The TSH-binding properties of lymphocytes and thyroid cells 
show many similarities but differ in kinetics and the relative binding 
capacity at neutral pH. Although the physiological significance of these 
differences is not yet clear, cultured cells provide a convenient system 
for studies of TSH-receptor interaction. 
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Article 
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AB Metabolic clearance rates (MCR) of the alpha and beta subunits of human 
thyrotropin (hTSH-alpha and hTSH-beta) were determined by a constant 
infusion to equilibrium method. In 15 normal individuals (six men, six 
premenopausal women, and three post-menopausal women) , the mean MCR of 
hTSH-alpha (68 ml/min per m2 ) was significantly faster than that of 
hTSH-beta (48 ml/min per m2 ) was significantly faster than that of 
hTSH-beta (48 ml/min per m2 ) ; both were two to three times more rapid than 
the previously determined MCR of hTSH. In patients with primary 
hypothyroidism, MCR were significantly slower with a mean value of 55 
ml/min per m2 for hTSH-alpha and 37 ml/min per m2 for hTSH-beta. However, 
MCR of subunits were not significantly faster than normal in hyperthyroid 
patients. Serum concentrations of alpha subunits and hTSH-beta were 
measured by radioimmunoassay, and secretion rates of alpha and hTSH-beta 
from the pituitary were calculated using hTSH-alpha and hTSH-beta MCR, 
respectively. In the normal individuals, alpha secretion rates averaged 
91 mug/day per m2, greater than those previously determined for hTSH and 
human follicle-stimulating hormone. Alpha 

secretion rates were significantly elevated in the normal postmenopausal 
women (211 mug/day per m2 ) and in the premenopausal hypothyroid women (202 
mug/day per m2 ) ; they were also elevated in the postmenopausal hypothyroid 
women (277 mug/day per m2 ) . Alpha secretion rates were significantly 
decreased in the premenopausal hyperthyroid women (66 mug/day per m2 ) . 
Usually, the secretion rates of hTSH-beta could not be calculated in 
normal individuals, and the rates in hyperthyroid patients could never be 
calculated because serum hTSH-beta was not detected. Six normals had 
detectable hTSH-beta secretion rates (17 mug/day per m2 ) ; hTSH-beta 
secretion rates were significantly increased in patients with primary 
hypothyroidism (28 mug/day per m2 ) . Although we had previously 
demonstrated a 50-fold increase in hTSH secretion rates in primary 
hypothyroidism, there was only a 2-fold increase in alpha and hTSH-beta 
secretion rates. Thus, increased subunit synthesis appears to be utilized 
predominantly for production of complete hTSH. 
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Placental proteins and their subunits as tumor markers in 
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Sixteen patients with Stage D adenocarcinoma of the prostate were 
prospectively evaluated for the presence of human placental lactogen 
(hPL) , placental alkaline phosphatase (PAP) , and human chorionic 
gonadotropin (hCG) . Ectopic production of hCG was found in one of the 16 
cases and is described in detail. Serial serum hCG levels in that patient 
mirrored his course more reliably than concomitant acid phosphatase 
levels. Serum estradiol, testosterone, the hCG-alpha subunit, hPL and PAP 
were not elevated. There was a minimal elevation of serum FSH. 
There were no elevations of the other placental proteins in ten evaluable 
cases. A retrospective evaluation of serum bank specimens from 47 
patients with prostatic carcinoma revealed no elevation of the placental 
proteins hPL, hCG-beta, and hCG-alpha. To our knowledge this report 
documents the first case of a chorionic gonadotropin-producing prostatic 
carcinoma appearing the literature. 
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In 60 patients with pituitary adenomas, the serum concentration of the 
alpha subunit of the glycoprotein hormones (serum alpha) was measured by a 
sensitive and specific radioimmunoassay. Five patients had markedly 
elevated serum alpha prior to therapy (range 14.5-23.0 ng/ml). These 5 
patients included 2 hyperthyroid men with inappropriately high serum 
thyrotropin, one of whom also had acromegaly, a man with 
hyperprolactinemia and elevated cerebrospinal fluid alpha, a 
postmenopausal woman with low serum gonadotropins and hyperprolactinemia, 
and a man with central hypothyroidism and hypogonadism. Three of the 5 
were restudied after therapy; serum alpha in these three decreased 
froml9.5 to 10.6, 23.0 to 2.0, and 17.0 to 12.0 ng/ml. Alpha in these 3 
patinets' serum eluted similarly to normal pituitary alpha by gel 
chromatography. The other 55 patinets, including twenty with acromegaly, 
fifteen with galactorrhea, and two with Nelson's syndrome, had serum 
alpha. less than 0.5-5.0 ng/ml. In addition, 22 patients with "empty 
sella" syndrome (no pituitary tumor) had alpha less than 0.5-5.0 ng/ml. 
Normal men and premenopausal women had serum alpha concentrations of less 
than 0.5-2.5 ng/ml; normal postmenopausal women, 1.0-7.0 ng/ml; and 
patients with primary hypothyroidism, 0.7-9.0 ng/ml. The decreased alpha 
response to thyrotropin and luteinizing hormone-releasing hormones (TRH 
and LHRH) implied a relative autonomy of pituitary tumor alpha secretion; 
the mean alpha increment in the b patients with elevated serum alpha was 
15% after TRH administration and 10% after LHRH. Normal individuals and 
patients with primary hypothyroidism demonstrated greater mean per cent 
alpha increments after TRH or LHRH. In certain patients with an enlarged 
sella turcica, an elevated serum alpha with little or no increase in 
secretion after TRH and LHRH may suggest the presence of pituitary tumor. 
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Differences between purified ectopic and normal alpha 
subnits of human glycoprotein hormones. 
Weintraub B D; Krauth G; Rosen S W; 
The Journal of clinical investigation, 
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:ins, not distinguished immunologically from the common 
of the human glycoprotein hormones, were purified 



approximately 10,000-fold from a gastric carcinoid tumor (A. L. -alpha) and 
from tissue culture medium of bronchogenic carcinoma cell lines 
(ChaGo-alpha) . The purified A. L. -alpha was homogeneous by sodium dodecyl 
sulfate (SDS) gel electrophoresis while the purified ChaGo-alpha showed 
multiple components, some of which represented aggregated species. In SDS 
gel electrophoresis, the apparent molecular weights of A. L. -alpha (15,000) 
and dithioerythritol-reduced ChaGo-alpha (13,000) were significantly lower 
than those of the alpha subunits of human chorionic gonadotropin 
(hCG-alpha) , luteinizing hormone, follicle-stimulating 
hormone, or thyroid-stimulating hormone (22,000-23,000). Binding 
experiments with [35SJ-SDS suggested that these apparent differences in 
molecular weight resulted, at least in part, from diminished binding of 
the SDS by the normal compared to the ectopic alpha subunits. In gel 
chromatography, the apparent molecular weights of A. L. -alpha (27,000) and 
ChaGo-alpha (30,000) were slightly higher than those of normal alpha 
subunits (23,000-24,000). Both A. L. -alpha and ChaGo-alpha were not 
distinguished from hCG-alpha in ion-exchange chromatography. The 
composition of A. L. -alpha was similar to that of hCG-alpha in 13 amino 
acids but showed decreased phenylalanine and increased valine; glucosamine 
was identified in both A. L. -alpha and hCG-alpha. Under conditions in 
which hCG-alpha combined with the hCG beta subunit (hCG-beta) to produce 
95% of the expected gonadotropin-binding activity in a rat testis 
radioreceptor-assay, A. L. -alpha incubation with hCG-beta resulted in only 
2% of the expected activity, and ChaGo-alpha incubation with hCG-beta 
produced no detectable activity. These characteristics of ectopic alpha 
subunits may reflect abnormalities of neoplastic protein synthesis or 
carbohydrate attachment which result in polypeptides with chemical and 
immunologic similarity to normal subunits but with differences in physical 
and combining properties; alternatively, the ectopic subunits may 
represent as yet unrecognized alpha precursor forms. 
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AB Utilizing sensitive and specific radioimmunoassays, serum concentrations 
of human thyrotropin (hTSH) , the immunologically common alpha subunit of 
the glycoprotein hormones, and the specific beta subunit of hTSH ( 
hTSH-beta) have been measured in normal individuals, in patients with 
primary hypothyroidism, and in patients with other disorders of thyroid 
function before and after intravenous administration of thyrotropin 
releasing hormone (TRH) . In 29 normal individuals hTSH-beta was not 
detectable in serum (smaller than 0.5 ng/ml) before or after TRH; alpha 
was smaller than 0.5-2.0 ng/ml in men and premenopausal women and 1.0-5.0 
ng/ml in postmenopausal women and did not increase after TRH. In 20 
patients with primary hypothyroidism mean serum hTSH-beta was 1.3 ng/ml 
and increased to a peak value of 3.7 ng/ml after TRH; mean alpha was 4.3 



ng/ml and increased to 6.3 ng/ml after TRH. None of the patients with 
Graves' disease, a hyperfunctioning thyroid nodule, or hypothyrotropic 
hypothyroidism had detectable serum hTSH-beta concentrations or alpha 
concentrations higher than the normals before or after TRH. In 3 patients 
with primary hypothyroidism given an intravenous bolus of labeled hTSH, no 
dissociation of hTSH into subunits was detectable for at least 3 h, 
indicating that the increment in serum alpha and hTSH-beta after TRH 
represented secretion of free subunits from the pituitary. In addition, 
L-thyroxine (L-T4) administered to 2 hypothyroid patients decreased the 
serum concentrations of alpha and hTSH-beta before and after TRH. Serum 
hTSH-beta was fully suppressed with 100-300 mug L-T4 daily, but there was 
a residual serum alpha component, which could not be suppressed with 
thyroid hormone and probably represented alpha subunits arising from 
gonadotropin-secreting pituitary cells. Normal pituitary glands also 
contained a predominance of free alpha subunit relative to hTSH-beta, in 
addition to hTSH. The secretion of free subunits in hypothyroidism may 
represent only a quantitative difference from the normal state, and 
subunits of hTSH appear to respond to the same control mechanisms as 
complete hTSH. 
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